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FOREWORD 
 
 
Welcome to the 8th volume and issue number 1 of the ESTEEM Academic Journal UiTM 
(Pulau Pinang): a peer-refereed academic journal devoted to all engineering disciplines. This 
issue of journal sees a new Chief Editor and marks the journal’s first electronic publication. 
Using the e-journal inauguration as an occasion, I would like to thank many people who 
created the opportunity for this e-journal to be born and who made it happen. First and 
foremost, I would like to extend my sincere appreciation and utmost gratitude to Associate 
Professor Mohd Zaki Abdullah, Rector of UiTM (Pulau Pinang), Associate Professor Ir. 
Bahardin Baharom, Deputy Rector of Academic Affairs and Dr. Mohd Subri Tahir, Deputy 
Rector of Research, Industry Linkages, Community & Alumni for their unstinting support 
towards the successful publication of this e-journal. Not to be forgotten also are the 
constructive and invaluable comments given by the eminent panels of external reviewers and 
language editors who have worked assiduously towards ensuring that all the articles published 
in this journal are of the highest quality. A special acknowledgement is dedicated to all 
committees, publication department, and many other relevant parties for making this journal a 
success. Their affective commitment and close cooperation have facilitated the realization of 
this journal. Last but not least, my greatest thanks go to all the authors for their interest in 
publishing with ESTEEM. Their manuscripts are an expression of their commitment towards 
research and development which, in due course, would benefit the local, national and 
international communities. Hence, I would like to extend my warm invitation to all 
researchers who are actively involved in the field of engineering to publish their work in 
ESTEEM. 
 
Dr. Chang Siu Hua 
Chief Editor 
ESTEEM Academic Journal 
Volume 8, Number 1 (2012) 
(Engineering) 
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PULLOUT BEHAVIOR OF VERTICAL GROUND 
ANCHOR IN DRY HOMOGENEOUS SAND AT 
DIFFERENT RELATIVE DENSITIES 
Mohd Rafe Abdul Majid1 and Ideris Zakaria2 
1Faculty of Civil Engineering, Universiti Teknologi MARA (UiTM) Malaysia, 13500 
Permatang Pauh, Penang, Malaysia 
2Faculty of Civil Engineering and Earth Resources, 25000 Kuantan, Pahang, Malaysia 
 1rafebanu@ppinang.uitm.edu.my; 2Iderisz@ump.edu.my 
ABSTRACT 
Vertical ground anchors are commonly used in foundation systems for 
structures requiring pullout resistance such as transmission towers, structures 
requiring lateral resistance, such as sheet pile walls. The work described in 
this research is primarily concerned with the pullout capacity of a vertical 
ground anchor embedded in dry homogeneous sand. One-laboratory model of 
anchor test apparatus is fabricated, with dry sand as a medium in sand box to 
form the homogeneous sand bed. Three models of circular anchors namely 25, 
50 and 75 mm diameter and three states of homogeneous sand bed with 
different unit weights i.e., 15.89, 16.29 and 17.13 kN/m3, where the relative 
densities are 29%, 37% and 53% respectively were used in this research. The 
range of depth/ diameter (D/B) ratios are from 1 to 24 in order to cover 
shallow and deep anchors with the anchors being subjected to vertical loads 
under displacement control. The results showed that the pullout behavior was 
influenced by the density of the embedded homogeneous sand and the depth of 
embedment. The results also showed that the pullout resistance behavior 
follows a similar curve until it reached a peak transition point where the 
trending of breakout factor diverged influenced by the depth of embedment and 
the homogeneous soil density. Overall, the study provides insights about 
pullout capacity of vertical ground anchor in homogeneous sand. 
Keywords: breakout factor; vertical ground anchor; homogeneous sand; depth of embedment 
1. INTRODUCTION 
The social demand on development in construction industry especially in our country has 
required our engineers to design a safe, economic and attractive structure. In civil engineering 
works, sometimes the structures have requirements to resist tensile forces acting on embedded 
foundations by use of tension members. These members are referred to as ground anchors 
with loads directions which can be vertical, horizontal or inclined. This study focuses on 
vertical ground anchor which is use as foundation structure for transmission tower, retaining 
wall and suspension bridge. The transmission tower (Figure 1) is built to withstand the load of 
electrical cables. Apart from its own load and electrical cable, it also resists the lateral wind 
load. Similarly the suspension bridge (Figure 2) is widely used to connect places across the 
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river, lake or sea. It will support its own weight and live load to acting. In both cases, the 
foundation needs to resist the tensile and compressive load acting. This is comparable to 
embedded vertical anchor under pullout load. According to Hanna, Sparks, and Yilmaz 
(1972), anchors may be used singly or in groups depending on the magnitude of the applied 
load, the ground conditions present and details of the structure. The size of an anchor varies 
widely and anchors of a few to several hundred tons working capacities are in use. 
Even though the use of anchors have become widespread, structural foundation failure which 
is caused by excessive tensile load is still common. As an example is the collapse of the 
suspension bridge at Kuala Dipang in Perak state which resulted in three fatalities. 
 
Figure 1: Transmission Tower 
 
Figure 2: Suspension Bridge (Source: http//onlywallpapers.com) 
2. METHODOLOGY 
To achieve the objectives of this research, one experimental model anchor test apparatus was 
used. The model of experimental test was designed based on Fadl (1981) and Zakaria (1986) 
research works. The model has two (2) important components i.e., sand raining (Figure 3) and 
anchor test (Figure 4) apparatus. Two methods were used to calibrate the sand spreader in 
order to make sure the sand bed is perfectly homogeneous. Three sizes of circular anchor 
diameter of 25 mm, 50 mm and 75 mm sizes were used in this test. The tests done were in 
medium sand at three values of relative density i.e. 29%, 37% and 53%, from three rates of 
deposition namely low, medium and high which produced loose, medium and dense beds for 
the research. The anchors were installed in range of depth/ diameter (D/B) ratios from 1 up to 
24 in homogeneous sand to cover shallow and deep anchor, with the anchors being subjected 
to vertical loads under displacement control as shown in Table 1. 
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Figure 3: Model of Sand Raining Apparatus 
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Figure 4: Model of Anchor Test Apparatus 
Table 1: Anchor Test Program 
Depth, D (mm) 75 150 225 300 375 450 600 
Breadth, B (mm) D/B ratio 
B = 25 3 6 9 12 15 18 24 
B = 50 - 3 - 6 - 9 - 
B = 75 1 - 3 - - 6 - 
3. RESULTS AND DISCUSSION 
Figure 5 shows the vertical ground anchor embedded in sand box before and after test. The 
graph in Figure 6 shows the relationship between pullout capacities of anchor and D/B ratio 
for loose, medium and dense sand. Generally, the peak pullout capacity increases non-linearly 
with embedment ratio (D/B). On the other hand, if the embedment ratio (D/B) is increased, 
the pullout capacity also increases together. The values of pullout capacity in dense sand bed 
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are greater than in the medium-dense and loose sand. This phenomenon was also observed 
when increasing the anchor size and the depth of embedment. Therefore, the influences of 
these parameters of density, depth of embedment and size of anchor on pullout capacity were 
observed. This confirmed the earlier findings by previous researcher’s i.e., Hanna and Carr 
(1971), Andreadis, Harvey, and Burley (1981) and Ilamparuthi and Dickin (2000). 
Figures 7, 8 and 9 show the comparison between the Present results and the previous 
researches in dense, medium-dense and loose sand bed. The plotted relationship of the present 
result follows similar trending to the previous theoretical formula. Therefore, the present 
results and experimental anchor test methodology conducted was acceptable in determining 
the pullout capacity.  From the graphs shown, the pullout capacity obtained from the present 
result were comparable to previous studies (Baker & Kondner, 1966; Meyerhof, 1973; Fadl, 
1981) in all types of homogeneous sand i.e. loose, medium-dense and dense sand. However, 
Meyerhof (1973) overestimated in deep case after embedment (D/B) ratio of 9, 12 and 17. 
While, Ireland (1957) and Remeshbabu (1998) provided underestimate of pullout capacity 
compared to the present result. The difference in findings could be in different assumptions 
made for the previous theoretical formula in predicting the expression of pullout capacity. 
Thus, it can be concluded that the present results tally with previous studies. 
The breakout factor (Pu /γ D) is an expressed term of pullout capacity of anchors, which is a 
function of the shape, embedment depth, overburdens pressure and the soil properties 
(Merifield, Sloan, & Yu, 2001). Anchor pullout tests result was also studied to determine the 
breakout factor (Pu / γ D) and embedment ratio (D/B). The relationship between breakout 
factor and the embedment ratio of an anchor in a homogeneous sand bed is shown in Figure 
10. The breakout factor increases until it reaches the peak value at a certain D/B ratio. It then 
continues without further increase though the D/B ratio is increased as shown by previous 
researchers i.e., Baker and Kondner (1966) and Fadl (1981). These researchers had found that 
the breakout factor increases linearly with embedment ratio. Figure 10 also shows that the 
maximum value of breakout factor for loose, medium-dense and dense sand respectively are 
30, 48 and 52. The curves follow were similar to Fadl (1981) and Baker and Kondner (1966) 
when D/B were less than ten (10) as illustrated in Figure 11. The change in anchor diameter 
does not affect the trends of the curves. This agree with the principles of dimensional analysis 
proposed by Sutherland (1965), in which for a particular friction angle value, the breakout 
factor only depended on the embedment of ratio (D/B). There is a transition point where the 
behavior of shallow and deep anchor diverges. From the graph in Figure 10, it can be 
observed that the transition point occurs at D/B ratios of approximately 4.0, 6.0 and 8.0 for 
the loose (φ  =44o), medium (φ  =49o) and dense (φ  =56o) sand beds, respectively. This is in 
close agreement with Fadl (1981) for dense sand (φ  =41o) where a shallow anchor was 
defined when D/B < 9.0. It is in contrast to Ilamparuthi and Muthukrishnaiah (1999), Baker 
and Kondner (1966) and Sutherland (1965) who found that shallow anchor for dense sand 
occured when D/B was less than 6.9, 6.0 and 10.5. The graph in Figure 10 also showed that 
the breakout factors changed with relative density. This is in line with the relationship of 
Pu/γ D = f (D/B,φ ). If embedment ratio (D/B) were kept constant, the breakout factor will be 
a function of friction angle, (φ ). If friction angle, (φ ) is low, the relative density would also 
become font. For example at D/B = 9, the breakout factors at relative densities 53%, 37% and 
29%  showed decreasing values of 43, 30 and 20 respectively.  
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Before Test After Test 
Figure 5: Vertical Ground Anchor Before and After Test 
 
Figure 6: Pullout Capacity Versus D/B 
 
Figure 7: Comparison of Present Results with Previous Research in Dense Homogeneous Sand 
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Figure 8: Comparison of Present Results with Previous Research in Medium-Dense Homogeneous Sand 
 
Figure 9: Comparison of Present Results with Previous Research in Loose Homogeneous Sand 
 
Figure 10: Breakout Factor versus D/B at different Unit of Weight in Homogeneous Sand 
ESTEEM Academic Journal  
Vol. 8, No. 1, June 2012, 28-38  
 
  
 
p-ISSN 1675-7939; e-ISSN 2289-4934 
© 2012 Universiti Teknologi MARA (Pulau Pinang) 
 
35 
 
Figure 11: Comparison with Previous Research in Homogeneous Dense Sand 
4. LOAD-DEFORMATION BEHAVIOR 
According to Ilamparuthi and Muthukrishnaiah (1999), apart from the failure pattern of soil 
mass, the shape of the load-deformation relationship showed distinct behavior between 
shallow and deep anchor. Figures 12, 13 and 14 presented load-deformation curves for 
anchors under pullout load (strain control) applied until failure or peak load.   
A similar characteristic of curves have been reported by previous researches i.e., Fadl (1981), 
Dickin and Leung (1990) and Ilamparuthi and Dickin (2000).  The shapes of the curves are 
essentially similar for all cases but the peak pullout load being highest in dense sand and 
occurring at relatively higher deformation than for the other densities. As the load increases, a 
little reduction in stiffness appeared in all cases. For example for dense sand, reduction started 
in the range of 10 to 20 N and further reduction were observed between 50 to 100 N. Once the 
peak load is reached, the deformation confined at the load at constant rate before failure. All 
graphs show the non-linear relationship where the load increased together with deformation 
from zero until it reached the peak of load (failure occurred) before decreasing deformation. 
The maximum peak load is 68 N at D/B ratio of 24 and minimum peak load is 6 N at D/B 
ratio of 1 for loose sand bed with the deformation ranging from 2.36 mm to 24 mm thick. 
Maximum value of peak load 234 N at D/B ratio of 24 and minimum value of peak load was 6 
N at D/B ratio of 3 for medium-dense sand bed with deformation ranging from 3.72 mm to 
42.21 mm depth. The dense sand bed shows the maximum peak load was 261 N at D/B ratio 
of 24 and minimum peak load was 18 N at D/B ratio of 1 in dense sand bed where the 
deformation ranges from 1.86 mm to 33.48 mm thick. 
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Figure 12: Load (N) Versus Deformation (mm) for Loose Sand 
 
Figure 13: Load (N) Versus Deformation (mm) for Medium-Dense Sand 
 
Figure 14: Load (N) Versus Deformation (mm) for Dense Sand 
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5. CONCLUSION 
The study has shown that the experimental set up used by previous researches could be 
successfully repeated to study the behavior of ground anchor. In the study conducted, it could 
be observed that anchor diameter did not provide significant input to the pullout capacity of 
anchor compared to density of homogeneous sand. Therefore, denser of sand increases the 
resistance against pullout failure. More significantly, the study has shown that there is a 
transition point where the breakout factor, which is defined as load over unit weight-depth 
embedded (Pu / D) diverged. There were higher peaks for higher depth of embedment (D/B). 
The denser homogeneous sand also deserved peaks. The transition point identifies the limit 
for depth of embedment for various types of compacted sand. The behavior of ground anchor 
observed would be beneficial in understanding and planning of transition members in sub-
structure. Lastly, the results obtained from this investigation provided a critical understanding 
on the behavior of vertical ground anchor in dry homogeneous sand at different relative 
densities. 
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